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cot §60$ OiML0»<?)JR±f6Nm axli, fti'i^lvyi tYK<r> 'I7L- 
•v*>fjg (^O^lil 2 8msec) ic. fa] — -b * ic o ut ^ a til t IftfF ( 1 0 0 n 
sec) *0 it 6 tf>T, Nma x= 1 28 msec/100 

nsec = l. 28X1 0 1 6 0aJt k ft 6, 

" 0 " f-?^t*tt ( 1 ) o^**? t -f #'Uc&5 kHhilS. toTi 
*ajL^«Ji&£0fc?fc LTt, flUtfV d s = 0. 5 VigST^fill^iff^ 



r 

[0 0 5 2] 
[0 0 5 3 J 

. z<7)ttHlcfflo4^flli0KT**. K^Jcfcyjlc. e-y hiBL<7)ifiliOV 
IC-y/^-s/StiT*}*). ^-HiWL^ifiVwIlt t>0£fcOT, T 
lea 5 J: -7 ic. > * -b^MC<?) L §VWIV t h ( V t h 0 . Vthl) 

[0 0 5 4 ] 

[R5] 

Vw 1 >V t h 

[ 0 0 5 5 ] 

tr -v h&BLicii. t>0lcfcuT. I c ft z-%.nti&ti t $1&2 tiz t i: L 

. c </>nm i c & , Ties 6 ic^t * ^ ic, •bH7>y^?wv«s = vwi 

[ 0 0 5 6 ] 

[ft 6] 

I c< I ds a t = (k/2) (Vwl-Vth) 2 
<IUk=(W/L) ( e o x/t o x) m e f f 
[ 0 0 5 7 ] 

mm* i d s i: lt> Tie«7T^$na. 



[0 0 5 8] 

[ISC 7 ] 

dVb l/dt = (1/Cb 1) (Ic-Ids) 
[ 0 0 5 9 ] 

■fe* h y > y *9\$mZ®®-zmftlX\*Z><7)T-. Vb KVwl-Vthi)' 
f^*)±%. Z(r> t § -b * S 7 > >> x 5 <r> k U -f > «8fc I d s li TIBS 8 $ ft 

[0 0 6 0] 

[&8] 

I ds = k [Vwl-Vth- (1/2) Vb I] Vbl 
[0 0 6 1 ] 

»8*«7 KttALTftfttfttf, T!e$9£lfS. 
[ 0 0 6 2] 

[&9] 

Vbl=aJ Cl-exp ( t/t 0) ]/[?-«• e xp (t/tO)] 
€U a=Vwl-Vth+ [(Vwl-Vth) 2 -2I c/k] 1/2 
^Vwl-Vth- [(Vwl-Vth) 2 -2I c/k] 1/2 
tO = 2Cbl/[k (a-n 1 
[ 0 0 6 3 ] 

»5 fc»6*>flx£*s>. a>P>0£s§5£t. ttoT, »9tt. ^ffl t ICR I 
TT£A<7)J8frira«T*>»K Vb 1 (0) =0, Vb 1 (») = 

Ill 1 8 8. «9*>H-S*S**^-r. "O^-^w-h'^LIuI^VthO 
= 0. 3 V . " 1 " T-7tf)-fc*tf>L §ufi£V t h 1 =- 0 . 3 V, V * --fe 
* <7) L § iMi* V t h d = 0 . 0 5V, en iHSMfc Cb 1 = 1 00 fF, -b 
iHtatwKJ»fttR*k = 2. OX 1 0" 5 (A/V 2 ) fciR£U £ I c = 0. 
9Idsat=13/*AxVwl = l. 5 VfeffluT* " 0 " t ? - 9 <^> t § <^> tf 
v hUmflEVb 10, " 1 n -r — <r> >l % <r> \z v y ^iEVb 1 1 fit? ft 
(Mf^mJEVs i g 0 . Vs i g \ h Vb 1 dt^Jc^L 

Tu§. c<o#SH^<b, K»*i^±tf T^b> lOnsectl- 100 



I 0 0 6 4 J 

€fi^ililC^^T-§ -5 9 -/T'3hZ> Z t £ Lu. fBJ & £ ^> x ^'J-fe'KA 

&r trnfa-zmft-tz z t\z* o , u o n > " i n ?-9<?>iM^ 

m*mm&fet z z t v^m\z & s. 

[ 0 0 6 5 ] 

c" o " #§]AAii6ncouT] 

[ 0 0 6 6 ] 

t = 0 IC&ut. pnji^tt. pi. nl#lc2. 2 V Tfi^li: £> -5 b f 
t>0T\ nflJfcO VlcLfcfc§. glC^Jfo^H? (p^l) ^m&fr* 

1 0 6. 

[ 0 0 6 7 ] 
[110] 

V 

t =-C J dV/I 

vo 

[ 0 0 6 8] 

I lip nl^llT'J. 9 , TIB« 1 1 TftS 
[ 0 0 6 9 ] 
[All] 

I = I s [e x p (V/% • V t) - 1] 
[ 0 0 7 0 ] 



hermal V o 1 t a g e ) T*> 9 > V t =k T/q » 1 1 1 

OicfiALT*t#-t£ Tte&l 2**8^*1 5. 

[ 0 0 7 1 ] 
[SCI 2] 

V=rVt-ln Cl/{ 1- CI — exp (-VO/^ -Vt)] exp (-t/tO) } ] 
[ 0 0 7 2 ] 

::T\ t 0 1*. i 0 = C • v • V t/I s IS 1 

2£. TIBR1 3<0»ffi*ffli>T»1IffSLfcl6IU*. 13 2 0TJ>5. 

[ 0 0 7 3 ] 
[«13] 
I s = J s • A j 
J s = 6 . 3 6X1 0" 5 A/m 2 
A j = 0 . Ohm 2 
T = 8 5 'C 

V t = 0 . 0 3 0 9 
i = 1 

t 0 = 1 0 . / sec 

V 0 = 2 . 2V 

[ 0 0 7 4 ] 

0 2 0*>8<*iUMS**^ " 0"*§]AAif, lnsecSUWMp 
Ml) ^IfiiiO. 7 V&Ticjg*>#< 
[ 0 0 7 5 ] 

5tic, " o " m2&*<nmn&\z® it. m 1 6 z^miT^- Kama* >< 

-5. IP*>. IW7-FHIfiVw 1 T : g§&*£fTofc'&, -7- K 



[ 0 0 7 6 ] 

-fen, h 7> 9(7>y- h t SO I &M<7>>i>i t ( plfi) 0>m<n%-&WffiM 
fc!)^§iCgbtt, y-hi:>HJ'||tf)ifiiVgUfflv»"Cv TffifC 1 4T* 

[ 0 0 7 7 ] 
[l$l 4] 

Cgb/Cox=l / Cl + 2 • lD 2 (Vgb-d)/Vt] 1/2 
[0 0 7 8] 

y-hBftK^fcffiftSfcO^SiCo xli, ftHsge o x fc&ffcliJ? t o 
xfcffluT* C o x = £ o x/t o xTftSft*. 1 Dli, ^MKDeby 
e Length) LD^, y=( £ si/ £ ox) to x T-mteftL TzMYKit 

[ 0 0 7 9 ] 
[«1 5] 

lD=( £ ox/ £ si)L D/ t o x 

= ( £ ox/ £ si) CkT- £ si/(q 2 NA)] ,/2 / t o x 
[ 0 0 8 0] 

::T\ M'7i-n £WTtf>&fMc * 9 BP*>. & 1 4 \$. >*>i 9 

[0 0 8 1 ] 
Kftl 6] 

wp=- 1 + [1 + 1 D 2 (Vgb-fi) /V t] 1/2 
[ 0 0 8 2] 

V g b = V F B (7 7Vh'OH ttff ) T x w p = 1 Di:4'5 tvn 
*fK o£ 9TIBR1 7 
[ 0 0 8 3] 
mi 7) 



1 D = - 1 + Cl + lD'(Vgb-S)/Vt] 1/1 
[0 0 8 4 ] 

z*>9ii 7*ffl<t. ><7 >-*d liTifiRl 8 

[0 0 8 5 ] 
[Rl 8] 

a = V F B — ( 1 + 2/1 D) V t 
[ 0 0 8 6 ] 

R 1 4 fcRl 8***>, C g b coV g b fcP&fr&lb<otlht)K Zti\*fcffi%V 
g b wliua**^- L Sro. f :t\ r-h • y-xfiB^ffVg sii^7>yx 
**>LSv>ttV t h£ft£fcJ§£lcii, C g b = 0 1 1 £ fc#lc, Cgb/Co 
x A* 1 lie ft* li:g§$*.£*b<7>2:LT. g b *>€lc 

tt? sc g b^mst^-**. 

[ 0 0 8 7 ] 

fwfUil^, 13 2 1 ic^t. zftii, " 0 " Fttfc't 

h<7)if £icouT. ^y>fcj^*T*>*. $#tis tox = 2. 5 n m, NA=5 
X 1 0 15 /cral ®J&8 5*C. VFB = 0. lv> V t h 0 = 1 . 5v, VB 
= -0. 7 V, Cox = 0. 1 4 f F . C j = 0. 0 8 f F 
[ 0 0 8 8] 

-3k r-h«JEE<7>£ffcAVg lctt*S><n, ?<7>m&£ffcA Vb l*. TIBR 1 
9 TH£ ft*. 

[ 0 0 8 9 ] 
[Rl 9] 

AVb=[Cgb/(Cgb+Cj)]AVg 
[ 0 0 9 0 ] 

, R 1 9 *mrtht. R2 0 &*#<o*i*. 

[ 0 0 9 1 ] 
[R2 0] 



A V g = (1+Cgb/Ci) AVgb 
[ 0 0 9 2] 
ft 2 0*ftft+Zt. Ti6ft2 It Hi. 

[0 0 9 3 ] 
[ft 2 11 

Vgb 

V g-V g 0 = J [1+Cgb/C j] dVgb 
VgbO 

[ 0 0 9 4 ] 

»2 1 *m%m*.z>t . ft2 2 tit*. 

[ 0 0 9 5 ] 
[ft 2 2] 

Vgb 

Vgb-VgbO= (Vg-VgO) - i (C g b/C i ) dVgb 

VgbO 

[ 0 0 9 6 ] 

ctf>&2 2£tm-t*itf, r-nffvwi (-7- Ktt) ^mff^fkA v g ^ 

2 2lc^to C<7>i@#fr<b0fl*.tt r 7- KKft* 2 . 0 VT- " 0 " mZ&&*ft\>^ 
,<n,?£-o. 7 V ic L x 7-K»*-2VlcTifTT'--?ftft1-*fc. 
£^?m&&-2. 1 VKftW ZftZZ tfrbfrZ. Htt* 1 • OV 

tft<, ^oTiTc^ti! L v-x>)b*0 . 2 V&fc**C fclc&£. 
[ 0 0 9 7 ] 

lem^tm*. " i " -p-^-fe'Hcov^Ttf-jfciie**, 02 3ic^-r. 

C^i:§<7)§*Cgb<7)mJEEVgb flc^H^H 2 4 \z^?, fflv>fc'<7 > - * it 
®2 lJkV®2 2<7>%£tmwS>h. " 1 " ^- ?*>*£\ ^t&Ait&lc^ 



-1. 0 VIC 4* -6 C t frbfrh. " 0 w 9<nm%&&\t. m%®\c>*>i ft 

OV£TT££jb*. "O w f§]AAT-l. 5 V£TTlf£^v h 

0 Vlc^ti: §*>p n}i&tf>§fi# v^'J> 7 (#v7'J> rttii 1 8%) T'* 
* ? ti 0 . 3 V±a«9 . -0 . 7 Vlc&S, ftoTEl 2 2*> " 0 w ^- ?<7>i§£ 

[0 0 9 8] 

» " o "is^kits^tt, ?mm\ s ub*miT u 1 n 
vm^s+s Tiea2 3T^ttfiviT\ fcr*n>*Eo. 6 v * ±1?. 

[ 0 0 9 9 ] 
Eft 2 3] 

1 s u b= I s [e x p { V/ ( v • V t ) - 1 } ] 

[0 10 0] 

1 s u b = 1 4 n A, I s = 6 . 36X10 " 20 A,Vt = O. 031V. , 
= 1 . 2*i\A?6 t . V=0 . 9 6 V£*f£. ^mftti: "l"f 

- 9*§&A0!Lfttt 1 Vir < * 9 . t^yh&fcU. 5 V 0 V lc T^o T # v 
^'I>7f0. 3 VT^-5 t LT 0. 6VWli>^ f^y-l*-^ 
Mftftmmiz* 9, 0. 6 HP"*, HWfolc" 1 " T'-9#§EAjt / #: 

<rc^?18ftti\ 0. 6 Vlc&oTu£ i: #;fo*l£. 
[0101] 

C c £T-tHm. 7?n^h*tff*VFB = 0. 1 Vi: LfcJf&T**. 
zftli* SOI gtix<7>p^ 'J 3>Jf ±£pM£*Sfly 'J3>i:J:5r-Hi 
(-7- KM) £0l£LfcJ§£lcttJt;?£. /XJC DC SO I Mlc, n^^ a ^x 

1". C*>Jf£\ 7 7 v h 'O KSJEEli, VFB=-1. 1 VH'^, 
[0102] 

0 2 5 11, "1 "f-^tilcouT, §*C g b-lffVg t> £#*>fc*5£ 



02 6 lilaJtllC. " 1 " f-U'HCouT, 1- KtMKJEVw 1 

tt, ^0 2 1 fttfEI 2 2<7>if £fc ISI«T**. ft*. L§uMliV t h 1 
= 0 

[0 10 3] 

Zft*>*>*S**<b* "0 B f-9^L§vMiVth0=l V*»ffT£3**> 
HT, -7- Kijftli»§^*^ 1 . 5 V, KaajLHf 0. 
J#^W7-K»*ff*-2. 5Vttntt. " 1 " ^-^-fe'Kfl^HMi. -0 
. 8V^Ti>^. ^oT. pi^a H B y 'J n>y- hfcfflufc. VFB=0. 
1 V^Jf^ictt^T. IH -'7- KlftfidlcWLT, 0. 2 V£W-^*iJlc&&„ 
[0 10 4] 

HI 2 7 tHI 2 8 lix nmz M 0 B ^-^-t^UcouT. F B = - 1 . 1 V<7)i§ 
^wgiCgl) -mff V g b ft&t , n- H»*EV w 1 ^«J3EVB^1i 
*#*>fc*S#T*>*. LliMlli, Vth0=lVUfc. "O"^-?*^ 
*It^'H 0 . 8 V tr v h&ib*^ 'l^t-y'ttO Vtf 

*K -0. 5 Vlc£oTV>£fctf>i:0£LTU«&. C<7)J§£-^ © £ & ABf <?) -7 
-Klftlil. 5 V srcAftLBf &0 . 5VT'i>5«OT\ >N*n,?m&li0 
. 1 5 V/iltHflL, - 0 . 6 5Vi:«roTOS. 
[0 10 5] 

<7>lflfF&fr£f ft? ft flic* 7SeHl&Vft2 kfc*. 

[0 10 6] 

[ill 

i>m%fa&-> >; n>y- h(7)Jt^ 

Vw 1 ( r e a d) = 1 V 

Vw 1 (h o 1 d) =- 2 V 

Vwl (wr i te) =2V 

Vb 1 ( " 0 " w r i t e) =- 1 . 6 V 



V b 1 ( " 1 " w r i t e ) = 1 . 6 V 

V t h 0= 1 . 5 V 

V t h 1 =0 . 5 V 

" l " 9 •bi\,<nffi&ftlEf<n>*>i ?ifeVB=0 . 6 V 
" 0 " 9 >\, <r>Wt&& m<r>>*>i ^ffiVB = - 1 V 
[0107] 

[H2] 

n^ffifiy 'J n>y- h^jf £ 

V w 1 ( r e a d ) = 0 . 5.V 

V w 1 (hold) =-2. 5V 
Vw 1 (w r i t e) = 1 . 5 V 

V b 1 ( " 0 " w r i t e ) =- 1 . 4 V 

V b 1 ( " 1 " w r i t e ) = 1 . 4 V 

V t h 0 = 1 . 0 V 

V t h 1 =0 V 

" l " -r- 9-t>Kr)ffi&ft m<r>>*>\, ?ftVB=0 . 6 V 
" 0 w -r- 9 >l <T>'$ifr$! t m<7)^>i ?m&V B = - 0 . 6V 
[0 10 8] 

ids* W±<7>fll , 2lc*n>T. " 1 "^^jAA^cot* v V b 1 ( 

T'write)!!, MiM fc*3&*nfffl?i*£;3iiS-< 

i<?)i^l^^LTl^, Wile* >K pl^^y'l 

(A) LtuffiV t h<7>tt<bo#£/h$ < * *c 

(B) ^')-b'Hr^filft-5Ct 
( c ) Ci/Co x*>9J££'.M < 

[0 10 9] 

(A) fttf (B) lei LTIi. ::n-AVth = V thO-V th 1=1. 
OVSlR^LTviSftt, cttliO. 8V-0. 6 VS**TJiL < M§PT§*iT 



$tt*> f &*. AVth = 0. 6 V*mMT-B Zt?tllZ, 7-K»gi%2Xl 
. 2V=2. 4 V < W£htlh*Sf&&t)i&h. 

WTT-li, (C) lc-ouTMlc#rt?6, AVth^)v-/>$i 

[0110] 

(C) ^Wlfncii. SO I g$<7>x 'J 3>l60i¥«^T s i C*l*?»£L 
T§t 1 0 0 nmi Illcf < t6C ^ Z ti t HH$ iCsUMi&ilc , nSv- 

til. p n&£ffiflt*>l»'Mc J: *) , t>nm$%mc i ithZblzttlZ't 
[0 111] 

f :T\ :n £T*>tfcgElcfi?ufc8 £§«C j = 0 . 08 i¥\zi\b^X. C 
j = 0 . 0 4 f F t^ft\z ItzM £lcouT, C g t> - V g b ttHfc . Vwl- 
VBIi*. f*lf*ia29jSLV0 3 OlC^t. C j Jilftrtfctftt, 13 2 3fttf 

02 4 iriuuT-^^. Y-vmm\$x>m$>fa^v ^yx*$>h, cj=o. 04 

f F 11. x 'J 3>1J| 0 nmt Lfc*£lcfflS"f 
[0 112] 

Ctf>i®&fr<b. " 1 "f-^-b'HCov^s 0. 6 Vcr>>*>l tm&fr^B&t 
ntz'ik. , 7-H«ft*-2. 0V*TT»f*k» 3V*T'T^ 
-5. 1 V ITT ^ •Sic -7- Kftmfi* IP^t" ? 

Rft \z>&m%i- K»*ttVw 1 (hold) It Vwl (hoi d)=-l. 

[0 113] 

PUflc, " 0 " t*- 7-fe>UcouT, C j = 0 . 0 4 f F £fflufcjf£-tf>C g 
b-Vgbftia^ Vwl -VBfti^, fnfn@31&Vlll32 ic^-r. c 

[0 114] 

W±tf> * 7lc. |uy')3>l (T s i = 5 0 nm) wSO I 



C i < L/:ii^DRAM-b'^lll^fr*, fU lcttJ££ it~Z £ bib%> 

t . Ttfifl3 <r>& n\ztth, 
[0 115] 

[H3] 

Vwl (read)=0. 8V 

Vwl (h o 1 d) =- 1 . 6 V 

Vwl (w r i t e ) = 1 . 6 V 

Vb 1 ( " 0 " w r i t e) =- 1 . 6 V 

Vbl (Twrite)=l. 6 V 

V t h 0 = 1 . 3 V 

V t h 1 =0 . 3 V 

« i » ? ^,i<r>m^\n m<»>*n, ?n&v b = o . 6v 

" 0 " t*- 9*zn,0>&*& m<r>>*>i ?ftVB = - 1 V 
[0 116] 

VJi±<F>ffi%frh. y 'J 3>i|f^Ts i £ 1 0 0nm/)^5 0 nmt^^lc^ 
< LTgiC j *<M <t£fc, , 7-h , »g**4V^f>3. 2VmBf§ 
h zbfrbfrh. ftBf^iMi. tfcMfc LT, f-r 0", "1 W *>L SWI 
<7)fAVthi:U, 1 V £ »#T § T u* Z t Tf> £ . 
[0 117] 

SO I £M<r>y •/ ^>JI*^lc 3 0 nmM*T-» <T§*ili. Mlci&mJEfb 
^MtSC fcWftT**. U^L, »)=i:/Jf x 'I n 

^^ii5 0 nmSft^ilifcllbn*. 
[0118] 

0 3 3 1** fflHaVB*'- 1 V 0. 6 VT<?)L§vWi^^AV t h 
x = 2. 5nm, fig*> , T = 8 5 t Ctl^«o. A V t h = 1 V £ 

atff-rsfc^ictt, na=i. oxio'Vcm^^^m^^^H^^ 

4, C*lli'>U ^f&Wm&frMtgZtzih. NA=0. 8X1 0 l8 /cm 3 lc 



r . 

WtfiL LT x AVth = 0. 8Vkf5. C H 3 *>ftfMfcfrli'> LITE <? 

ft, TfeU 4 <?> j: i ic 4* 6. 
[0 119] 

[H4] 

Vwl (read)=0. 7V 

V w 1 (h o 1 d) =- 1 . 6 V 

Vwl (write)=l. 4V 

Vb 1 (" 0 w write)=-1.6V 

V b 1 ( " 1 " w r i t e ) = 1 . 4 V 

V t h 0 = 1 . IV 

V t h 1 =0. 3 V 

" 1 " -r- 9*>i,<nm&til m<r>>*>\, J'ifiVB= 0 . 6 V 
" 0 " 9 -b JK^ggA* L^<?>^* ?1{!lVB = - 1 V 
[0 12 0] 

H4 icfcuT, " 1 " mZ&AtifW v V&l V b 1 (Twrite 

) a. 36«i«at k#s^*^BT>**sfcy>. 1. 4 v 

M% I sub^Ji^tctlcA^ c<7)S«w(Bt«£Efl:^orflBk#i^*i*. 
[0121] 

l^fjft&ttT'li, t ^ h 7 > y x 9 lc#£fi:*;18£Ett* 3. OVT'i.^. Y 
- N$HtHJ¥liT 0 x = 2 . 5 nmfc LTfcO * ftoTr- hBHfcJSlctt, 12 

[0122] 

HSrfcMffftwfcaftlctt, SO I glfi*)^ l J a > 1 c?) J? * T s i 4 3 0 nm 



[0 12 3] 

0 3 3 ic^-f L £Wi<7>:£A V t h <?> t § lc0ftT*§ & " 1 "§§&*-fe'H* 

*i**iig 3 4JkU®3 5 ic^t. -fe'Htflftli I d s 1 = ( k/2 ) (AVth/ 
2) 2 ic cfc 9#*>Tu*. Bc^ti} I'M A t li, fremiti LBfco 7- h' $1t 

V t h 1 t V t h 0 <n*m\z&felT . " 1 n t*- ?*>-fe'K7> ^ * 

. §MC b 1 = 1 0 0 f F<?>e «y N|ft*^'J ft-y|fii^2 0 OmVSlt 

3<7)J^*^<bx N A= 6 X 1 0 ,8 /c m 3 lc:fcuT , I d s 1 = 1 . 4 m A. 
At = l 5ns ec &W<btiT\* 
[0 12 4] 

m 3 6 \t s " 1 " "7*- 9 -fe * <?> * - 'l K »f * V B Jb* L § vMi V t h 

1 :: ZT'TfrZm^fzffiRT'&Z, y- b ®HtJIJ? t o x 

= 2 . 5nm, **&»«J£N A = 5 X lO'Vcml k> KiJEVF 

b = o . iv, " rf-^^*?«fivBi = o. 6 v, r- KBHbJRg* 

C o x = 0 . 1 4 f F , C j = 0 . 0 4 f F ?#> * . * 7 - K * 

- * K mfi li . Vwl=Vthl-2VT'l»^. 
[0 12 5] 

znffiRfrb. Vthl=0. 5VW±Tttx Flf*>'** ffcttliV t 

h 1 i:#lc±#LTU5. V t h 1< 0 . 5 VTU, * Hftli- 0 . 93V 
icfifdLTi**. Ctili, VthKO. 5 VWT^T"7- Kttfc'T*** t § 

iot, 77 7 h/OHt£EVFB = 0. IV i % >) Y- h MUt)* V 

i^/')3>f|^i:§, VthKO. 5 Vic^^i-^§T-^^ 0 -?J, A 
Vth = VthO-Vtlil = 0. 8 VfcWff ?§ Z Z t i)^ftMTu^^T\ 
V t h 0 < 1 . 3 VT*>*. $oT, V t h 0 = 1 . IV, V t h 1 = 0 . 3V 



>-?££t#>6£: x TICH 6 o <fc ■? £ & & „ 
[0 12 6] 

[f*5] 

Vth0=l. IV. V t h 1 =0 . 3V 

Vwl ( r e a d) = 0 . 7V 

V w 1 ( h o 1 d) =- 1 . 7 V 

Vwl (wr i te) =1. 5V 

Vb 1 ( " 0 " w r i t e) =- 1 . 5 V 

V b 1 ( " 1 M w r i t e ) = 1 . 5 V 

V B ( " 1 " r e a d ) = 0 . 6 V 
VB ( " 0 " r e a d) =- 1 . 0 V 

V B ( " 1 " w r i t e ) = 0 . 6 V 
VB("0"write)=-0. 9 V 
VB ( " 1 " h o 1 d) =- 1 . 0 V 
VB ( " 0 " h o 1 d) =- 2 . 4 V 

Vmax = 3. 2V (#IjRWLh" 1 w *§]AaBL^^^V(1s) 
[0 12 7] 

[ft6] 

NA=5X 1 0 U /cm 3 
t o x = 2 . 5nm 

*r**£L=0. 1m itk * f * * *§W = 0 . hm 
T s i = 5 0 n m 

k= (W/L) (jox/tox) #ef f = 2. 0X10 " 5 A/ V 2 
[0 12 8] 

C^fc SDRAM-te'i^ggAajLfttttt, * v hi§iCb 1 = 1 0 0 f F ic 
x 2 0 0 mVwifii^olH *T^pfflit>v At=15nsecfc£*. 
[0 12 9] 



0 3 7 li* VF B = - 1 . 1 V <7>Jf £ (IP*,, nS£*SH> »i a > r- h <7)» 
£) icouT. leJtllc " 1 " J P- ?-fe^tf>*-* K^*>><j|, fffiVB^L^u 

IV t h 1 ^l^T-irc iTT^U^fcifSiTftS. ftiK^ttli, 13 3 6 i: 
[5MfT-£>S. c^lf^^v VthKO. 5Vtf^§ci:)!)^^^S. Z<r> 

[0 13 0] 

[ft7] 

Vth0 = 0. IV. V t h 1 =-0 . 7V 

V w 1 (read)=0. 3V 

Vw 1 (h o 1 d) = -2. 7 V 

Vw 1 (wr i t e) =0. 5 V 

Vb 1 ( " 0 " w r i t e) =- 1 . 5 V 

V b 1 ( " 1 " w r i t e ) = 0 . 5 V 

V B ( " 1 " r e a d ) = 0 . 6V 
VB ( " 0 " r e a d) =- 1 . 0 V 

V B ( " 1 " w r i t e ) = 0 . 6 V 
VB("0"write)=-0. 9V 
VB (" 1 "ho 1 d) = — 1 . 0 V 
VB("0"hold)=-2. 4 V 

Vmax = 3. 2V (IMMRWLfc " 1 "flE^BLt^^^V d s) 
[0131] 

N A = 5 X 1 0 1S /cm 3 
t o x = 2 . 5nm 

*r*'HIL = 0. 1 m ni v ***^(|W=0. 1 fxm 
T s i = 5 0 n m 

k= (W/L) (foi/tox) » e f f = 2. 0X1 0" 5 A/V 2 



[0 13 2] 

Z<nt § DR AM-t>K7>frc*ai Lfttttt, hi^SiCb 1 = 1 0 0 f F ic 
. 2 0 OmV^mfe^^olfi At = l5nseci:«f4. €U 

Vb l ( " l " w r i t e) **0 . 5 Ve+»4lffi«» I s u b **«E*iS^S 

i^lffVma x jb«±#t*. -^T-, p 3!£*5fl x >J =i >£ y- hUSffilcffi 

LivMSVthOlcjhfLT, I^Al^T-Fi^iVwl (w r i te) 
ctikiittiic " l w S§^A4ftt^»*Shr*> Hlim&Vb l 
("T'wri te) jb*C^)*7- HiifiVw l J: Hl< &6Jf£i2. Vma 
x 12 , V b 1 ("l"write)-Vwl (h0 1d)?«i6. Vw 
1 (W r i t e ) > Vb 1 ( " 1 " w r i t e ) T'htllZ. Vma x = Vw 1 ( 
write) - Vwl (ho I d) 7*9, IftflMlffi ZM'hitT- § -5 . 
[0 13 3] 

* tr >v h $£fS<7> # v y •) > r ; -f x t f St i^i 1 * -5 . 
[0 13 4] 

fii£, *ftI$A#JcJ: OHftSiifcO. 17»m*-'K*>256MbitDR 
AMlc-b^TU h 7 > x wLlulV t h*>l2<bo§i2, AVth = (2 
5 V t h i 2 ) 1/2 = ± 200mVfc#;c<o*l*. V t h i <?> F«9 IR 12 . T 

[0 13 5] 

[H9] 

6VthSx=±7mV: gflxco k-'O h gift 
SVthWel l=±65mV:^x* <i *>&A£i!l 
6VthSrf=±21mV: nmm& A t >ttA3Ett 



dVthSacox = ±9mV: ttttiJHt:JgJP£tfl 
5 V t h T o x =± 5 9 mV : y- h &<t!6U$%Wi 
SVthWef f=±100mV: * * 
dVthLeff=±148mV: 3&*fl* 
[0 13 6] 

KJjftU -***HF5lc L|v>iVthO, Vthl ^tt^fi**- ? - LTfFS <k 

«rv^"9lc1--6Ci:**nr^T*>S. fl»4<b* Vthl ^fiT"T* k IsJBflc V t 
h 0 V&T ic^tb Lif - KiftVw l^VthO, 

Vthl o + BB-u -<>ncSJ£?*u;i\ f <nfe»iBft<afB*i;m&T§afr<bT* 

[0 13 7] 

L§iMi<7>tt<bo§60:*; 119 lc^?&g3fc*>L§ Witt <bo£*> 1/4 

fc-tfttt. d V t h = ± 5 Om-VT&*. 3<7>i§£s pM^'J^ 
V- h %fflv»fc±iELfcR*as L^T-^ 1 ?- w 1 fc L §iWIV t h 

0 . Vthl t<r>m&*K-tk* ®Z S<7>*7\z%Z. L§vWI 
Sift tt. x X^fclc££lC* 3 fc*>*^|ii6?&S. 

[0 13 8] 

f ^^-1:^ hi>yX? L§ufi*>tf<bo££d Vth = ±50mVtL 
fct§, g^ftSr-fe^T " 0 " . "1 " <7>L§vWiV t h 0 . V t h l<aga*A 
Vth(nom)=VthO-Vthl = l. 1 V - 0 . 3 V = 0 . 8 V T*> 6 
k-TSk, ffc«*fh?>-fe*ffi± (fiVth + =50mVUVt h"=-5 OmV 
) T^L§vMi<7)iAVth (mi n) li, 

AVth (min)=AVth ( n 0 m) - ( d V t h + - S V t h ~) 

= 0. 8 V- ( 0. 0 5 + 0. 0 5 ) 



= 0 . 7 V 

[0 13 9] 

zcomnicxz >^ -bMsmmn* tic m%tti\zimmm&ftiT-&>) & 

m^lircAtt} I339li, C<?> > ^ 'i -fc>u-h>utftt£fijffl Lfc-b> x 

Lco-^T"7- K»WL* , 7£ttfl:$ftfc*:§* ffe7j?ttys--k*DC*iBfl* 
5 * 5- r 7-K$DWLa*&'l±rt:<?*l£ <*"?fc:£oTu«S. ^^--fe^DCli. 
it'^'iMCi: |5]H^)M0 S h7>yx?i:j:») *u Affile 
t'- ? " o " , "l " + Jifi^^ii.i^tts, 
[0 14 0] 

B^flTli, Zlo<3oe-v S&jhfBL , b BL &mnr- h SGlCcfc 
T-otf)-fe:/XT>:/SAIC}£j§e3tt£. *>S-fe>^T>^SAlCo4fc t Str*y 
K$«<7)-b> xt> 7SAlco&jt>«£ bf */ hilt li^Slc MM. £ ft 6 . C<7>Jf 
—r><r>n— Ml W L ic 9 fi)Bf icgJRS ft & 4 ffl<7) > * 'J -b^MC icttLT 
v -fe> xt>^S Ali~o?*>*. BP*>, l^lcgflSft^lB*);^ 'J-b^M 

gc^tU $ ft& %j<r><r>*.y xr> T'ic&M'oft&u. 

[0141] 

!«U;NM0Sh7>i;x?$|uf:^ ni/ ') 3>|$fflu/:PMOS h 7 



>rfcLfc¥i»ttl£fflufcMOSh?>y*?IC«J:D, |a]ff coJKHco > * 'J -fe 
[0 14 2] 

[0ffi<7>fI£ftt&Bfl] 
[13 1 ] 

C^^Bfltc J: -SDR AM<7> > * ')«fe*«lii*^1-|BfSiElT**. 
[02] 

|B] D RAM« > =E ') -b^^#ffi0g&T*'5. 
[03] 

[B]DRAM<50 HH^rt 4<ou -fTO 
[04] 

03^A-A ' JkUB-B ' BfiBHT**. 
[05] 

[06] 

[0 7] 

IBIDR AM-fe Lfi^£f&Bflt&fc*'><7>0T-£>£, 
[08] 

HDR AM<7) " 1 " ^-^gc^ftL/'J 7 u ^<7>iJjfri&^£^-t0T*£>6 
[0 9] 

o 

[0 10] 



[13 1 1] 

[HJDRAMcT) " 0 " T r -*R*aiL/ M 1 H T-9m%&&<7>mftfoM*7fi? 
0T*£>£. 

10 1 2] 

|B]DR AMcoft!l^^AtilL^5tlc £ £ " 1 " T f — 9 Wt& \tiL/ V ? I *j v =l<t> 
[0 13] 

[0 14] 

(BlDRAM^ftll^^AttlL^^iC.J:^ " 1 " ?-9m&ftl/ ,t 0 " ^-9^ 
[0 15] 

|B]DRAM<Offe^t^ai L^1C<J:£ " 0 " ^f— 9 Hi L/ " 1 " 
[0 16] 

IDRAlVH:4coy-h§ICg b-IJEV g b <7>41f1±£^1-0T£>£ . 
[0 171 

Is] D R A M -fe * £mift§5c ^ ffi U #5* IC £ -5 #fffi @ S& 0 T & & 0 
[0 1 8] 

|1]DR AM-b'K7>lc*tt! LiJjfncfc I, e */ h $m&£ft£^-r 0T*> 6 . 
[0 19] 

pi d RAM-b o " m%&&m&*mn-tz>tzfr<T>mmm-?:2bz>. 

[02 0] 

0 1 9 <7>pMl<7>mtegft£^1-0T-&£. 
[02 1] 

(BJDR AM^'K?) " 0 "f-Hi^r-h§iCgb -IffVg b ft^l ( p 



[13 2 2] 

[5j C < " 0 n -T—91z>K7)'7 — h'ilfiVw 1 ?ifiVB<?)lM^t 

[0 2 3] 

|fi|DR AM-b'i'f) " 1 "f-ntw 1 ?- h'lifiVw 1 ^H^ffiVB^) 
1#£^?0T£>£. 
[024] 

" 1 "f-^/^y-hgiCgb -tEVg b Affi (pi^gx »J my 
[0 2 5] 

" 1 9 ?-n^y-hSIC gb-iffVg b (ni^x ')3> 
[02 6] 

" 1 " f-niW^-h'lltVw 1 t'^'i ^tfeVB^ii (ni^I B B B 
[0 2 7] 

" 0 " "r— 9Jz>KDY—h BM. C g b - tEVg b ftH (pS^? B y 'Jn> 
[0 2 8] 

[a] " 0 " ?-fe'K*>*7- h'tttfiVw 1 i:^*?tfiVB^)|^ (nIM 
[0 2 9] 

fcux <; ^Jf^fflufcifa-^ " 1 "f-n^^-FgiCg b-mjIV 
gbfft& (pS»x 'i d> Y- Ktf>lf£) 0T&S. 
[03 0] 

[03 1] 



guy *) =>>H*fflufcJ§£<7> " 0 " 9^>l<nY- h BMC g b -Hff V 
[0 3 2] 

[a] " 0 " t*- ?-fc;K7>7- h'ilfiVw 1 tM';^ftVB^lMit0T' 
[03 3] 

[03 4] 

[03 5] 

[0 3 6] 

[0 3 7] 

[03 8] 
[03 9] 
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'1 "read/ refresh 
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[13 9] 

"0"read/ref resh 




[13 1 0] 

"1"read/"0"wr ite 




t3 



I® 1 1 ] 

"(Tread/"! "write 




[013] 



0" read/refresh 




t1 t2 t3 t4 

I® 1 4 J 
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'0"read/"1"wr ite 




t t t 
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[0 16] 



Cgb/Cox 



Vwl=-1.3V 
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7^ 

VFB=-1.2V 
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Vth1=0V 



Vwl=0V 

Vwl=1V 
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[0 17] 






V(V0=2.2V) 
(t<0) 



[02 0] 
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Ql 1 , J l. 

-10 12 3 
Vgb [Volts] 

[02 2] 
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[02 5] 
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bo 
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T'x-^-tz^ 



/VFB=-1. 1V\ 
\Cj=0. 08fF/ 
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[02 6] 



1" x-g-teJI/ 
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o -, 
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